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We provide a iptive survey of the ical diversity of the
shape of terminal phalanges of fingers and toes in ranoid frogs, based on
analysis of 124 species of 64 genera, belonging to the Arthroleptidae

and
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Ranidae and For ive purposes,
spec-mens of 26 species of 18 genera belongmg to ten non-ranoid frog
families were also surveyed. The bones were analysed macroscopically as
well as using scanning electron microscopy. Terminal phalanges were
classified into 13 character states, called A to M, and into three major
character state groups: (I) pointed tips, (Il} rounded and relatively broad
tips, {Ill} bifurcated tips. Eight character states were observed within
rancids, and six of these also occurred in non-ranoid taxa; five further states
were found exclusively in the non-ranoid taxa. In order to assess homoplasy
and possible adaptive signif for this we com-
piled, fram recent molecular studies, a consensus tree of the ranoid genera
studied here. Tracing the evolution of all character states along this
phylogeny was largely ambiguous but became more feasible when summar-
izing character states of distally enlarged {bifurcated or mushroom-shaped)
vs. larged N larged were as
ancestral states in most clades, and an independent evolution towards
distally enlarged phalanges was indicated in 12 clades, plus fwo reversals
and two tests support-
ed a significant association of the evollmon of dustally enlarged phalanges
with climbing habits, at
likely explains the high degree of homoplasy i this. skele(al character.

INTRODUCTION

At deep phylogencue levels, amphibians show o bigh degree ot morphological homo-
plasy (cg. Murtirg et al. 2004, Vax pir Miupes et al, 2005) Espectally frogs are
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charactenized by a mghly derived bauplan that possibly allows only a hnuted number of
general variations in order to adapt to certain ecological niches (EMerson, 1986) For
mstance, arboreal frogs in families that belong to different major clades can be extremely
similar externally, characterized by a broad head with large eyes, enlarged termunal pads on
fingers and toes, and often also other characters such as extended webbing between toes and
sometimes fingers, a smooth dorsal skin without longitudinal folds, or the lack of a sharp
border between dorsal and lateral colour Neotropical species of the Hylidae can be so sumifar
to Astan species of the unrelated Rhacophoridae that a familial diagnosis 1s merely ipossible
without examuning osteological features such as shoalder girdle structure or the form of the
terminal phalanx bones of fingers and toes. Sand frogs (the genus Tomoprerna n the famly
Ranidae) were long believed to contan African as well as Astan and one Madagascan species
based on their external similarity, but molecular work {Bossty1 & MiLINKOVITCH, 2000,
Vences & GLAw, 2001) demonstrated that the three geographic assemblages belong to
different and not closcly related clades, namely the African Tomoprerna to the Pyxacephahdac,
the Asian spectes (as genus Sphuerotheca) to the Dicroglossidae, and the Madagascan species
(as Laliostomu lubrosum) to the Mantellidae. Among African frogs, recent molecular work
(VAN DIR Mruprn et al,, 2005: Frost et al., 2006) highlighted an endemic clade, the
Pysicephalidae. that in addition to Tomopterna contains a variety of other anuran genera of
such diversity that before they had been classified into five different subfamilies.

Whereas general external morphology of frogs 1s certainly subjected to strong homo-
plasy. osteological feautures are usually attributed tmportant value for reconstructmg anuran
phylogeny In fact, several character states such as a firmisternal shoulder girdle are well suited
to define certain dertved clades of frogs, for example the Ranoidea However, many of these
states have evolved convergently 1n other clades of the amphibian tree e g, the firmusternal
shoulder girdle in dendrobatids. atelopodine bufomds and pypds. Swnilar to external charac-
ters, several features of shoulder girdle morphology are probably under selective pressure as
they may be relevant for locomotion, such as the shape of the omosternum {forked or
unforked), the ratio of omosternum/siernal style length, or the general arciferal or firmuster-
nal state (Em1rsoN, 1983). The same may apply to most other osteological features of
anurans, but detaled analyses of functional morphelogy of these elements are sLrpristgly
rare.

A [further example for homoplasy m {rog osteclogy 15 found in the presence of an
intercalary element between the termmal and the penultimate phalanx of fingers and toes, a
character first deseribed by Liypii (1876) m Fler arborea Tt has been considered ot great
phylogenctic value to define Old World tree frogs (e g . Liy v, 1970), but it s now clear that this
clement evolved comvergently n at least the Hy peroindee, Arthroleptidae (genus Lepropelns),
Rhacophondac/Mantellidae. Microhylidae (genas Phrvnonianiss). Centrolenidace and Hyli-
dae, and possibly reversed in one mantellid clade (genus Lafostomu).

Nevertheless, early studies of anuran systematics and phylogeny were largely based on
osteological features (e g . Nosrr, 1931 Parnir, 1934, Latri~ i, 1940, 19 Ha-h, 1943¢-h,
1944) In ranowd Trogs, Lit s ¢1970) studied the phy logeny of Old World treelrops based on 36
characters, 14 of which were osteologieal Characters of the skull. vertebrae, pectoral gindle,
hyord skeleton. carpals, tarsals, metacarpals and teromnal phalanges, Ctarl (19319 exami-
ned 22 osteological characters of the skull, pectoral girdle, vertebrae, ihum and the termmal
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phalanges m African ranids; and Drrwes (1984) studied 30 morphological characters of
which 21 osteological characters of the skull, pectoral girdle, hyoid apparatus, carpals, tarsals
and termnal phalanges, CHANNING (1989} combined and re-analy zed the data of Litv (1970)
and Drewes (1984). More recently, Scort {2005) studied 178 morphological characters, 101
of which were osteological. Several other studies have focused on particular osteological
characters and analyzed their variation i specific groups of ranoid frogs, or across frogs mn
general, including ranoids (e g., LAURENT & FaBre:z1, 1985, 1990; FABREZI & ALBLRCH, 1996,
Farrezr & Emrrson, 2003; Manzano et al., 2007).

One of the characters used in all these studies 1s the shape of the terminal phalanx bones
of fingers and toes (se¢ also DLOKERT, 1938; Tinen, 1965; PERRET, 1966; Lynen, 1971, Heyir,
1975) However. the numbers and definitions of states described for this character were
differcnt, with Lirm (1970) and DRrwes (1984) recognizing four states, CLARKE (1981)
recognizing seven states, and ScoTT (2005) recognizing three states 1n the fingers and seven
states in the toes. Varability in the phalanx shape within individuals has been noted (HEYER,
1975; CLARKE, 1981), an adaptive value of this character postulated (DREwES, 1984), and
problems n # clear categorization in character siates emphasized (CiLarki, 1981) FABREZ1
{1996) undertook a wide survey of these characters in various neobatrachuan frog lineages and
observed a ugh degree of homoplasy in these bones, both regarding shape and development

In this paper, we undertake a wide survey of the morphology of ternunal phalanx shape
n frogs, mamly focusimg on ranoid frogs. This group corresponds to the superfamily Ranoi-
dea as understood by D BoIs (1992, 2005). with a taxonomic content sinular 10 the unranked
taxon “Ranoides” created and defined by Frost et al. (2006},

Based on examination of cleared and staned specimens and scanning electron miero-
scopic pictures, we provide detatded descriptions of the variation observed i this state, We
further analyse the evolution of this character along an informal supertree of these frogs
based on recent molecular studies, and use comparative methods to test for the influence of
the general ecological habits on this skeletal character

MATERIAL AND METHODS

This study 15 based on an analysis of 124 species of 64 genera, belonging 1o the following
ranowd families as recognized by Frost et al (2006). Arthroleptidae (ncluding Arthrolepti-
nae, Astylostermnae and Leptopelinac). Brevieipitidae, Ceratobatrach.dae, Dicroglossidae,
Hemisotidae. Hyperoludae. Mantellidae, Microhylidae, Petropedetdae, Phrynobatrachidae,
Ptychadenidae, Pyxicephalidae, Ramdae and Rhacophoridae For comparative purposes,
alvo speamens of 26 species of 20 genera belonging 1o ten non-ranowd frog fanulics were
surveyed. Altogether, we screened cleared and stamed sheletons of 190 ranowd and 29
non-ranod specimens. The appendix provides a st of all specimens that were exammned., with
the collections where they are deposited

The famly-level classification used herem follows almost fully the recent proposal by
Frost et al. (2006). This work certainly constitutes a great progress in anuran systematics,
especially because an overdue partittoning of several large, heterogencous and partly not
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monophyletic families has been undertaken by these authors. On the other hand, several of
the new arrangements, such as sinking the Leptopelinae and Astylosternidae in the family
Arthroleptidae, or the Nasikabatrachidae into the Sooglossidae, may have been premature
and recognition and revalidation of a few additional families will probably be a theme in
future studies of anuran systematics, 1lowever, since such proposals are far beyond the scope
of the present paper, we here follow the family-level taxonomy proposed by FrosT et al.
(2006), with a few exceptions only {(we recognize the Astylosterninae as a subfamily of the
Arthroleptidae, and continue using the genus name Phrynodon, to make 1t easier to refer to
these frogs in the text), and we continue accepting Lal asa (see
GLaw & VENCES, 2006, GLAW et al., 2006). Species belonging to the following genera have
been studied' Afrixafus Laurent, 1944; Agalychnis Cope, 1864: Agh ptodactylus Boulenger,
1919, Ameerega Bauer, 1986, Anodonthy la Miller, 1892, Arthroleptis Smith, 1849, Astyloster-
nus Werner, 1898, Butracly lodes Boulenger, 1887: Blonimersia Dubois, 1992: Bombuiu Oken.
1816, Bouphis Tschudi, 1838, Breviceps Merrem. 1820, Cucostermum Boulenger, 1887: Cul-
luella Stoheska, 1872; Ce b hus 1884; (7 is Peters, 1854; Colos-
tethus Cope, 1866, Cuphinalus Boettger, 1892, Cophyla Boctiger, 1880: Dendrobates Wagler,
1830: Dermatonorus Mcéhely, 1904 Discoglossus Otth, 1837; Epipedobates Myers, 1987,
Euphlyctis Fiizinger, 1843: Fepervarya Bolkay, 1915; Gastrophryne Futzinger, 1843; Gephyro-
mantts Methuen, 1920; Guibemantis Dubois, 1992: Heleophry ne Sclater. 1898, Hensus Gun-
ther, 1859; Heterialus Laurent, 1944, Hoplobuirachus Peters, 1863: Hyalmobatrachnm Ruiz-
Carranza & Lynch, 1991; Hyla Laurenti, 1768: Hylurana Tschudi, 1838; Hymenodhirus
Boulenger, 1896; H) peroluss Rapp, 1842, Kaloula Gray. 1831, Kassma Girard, 1853, Kurixalus
Ye, Fou & Dubois, 1999: Laliostoma Glaw, Vences & Bohme, 1998, Lepiodactyfodon
Andersson, 1903, Lepropelis Gunther, 1859, Linmodvaastes Fitzinger, 1843, Limnonecies
Fitzanger, 1843; Luhohates Fuzmger, 1843; Maniclla Boulenger, 1882; Mantiduc 3 lus Boulen-
ger. 1895: Mcgophrys Kuhl & Van Hasselt, 1822, Microhy la Tschuds, 1838, Aanorana Gun-
ther, 1896, Nutalobutrachus Hewatt & Methuen, 1912: Occrdozygu Kuht & Van Hasselt, 1822,
Odorrana Fe, Ye & Huang, 1990, Qophaga Bauer, 1994, Perropedcies Reichenow, 1874,
Phivctmantis Laurent & Combaz, 1950, Phrvnobatrachus Giinther, 1862 Phry nodon Parker,
1935; Phry nomantis Peters. 1867, Pipa Laurenti, 1768 Platvmuntis Gunther, 1859, Polypeda-
tes Tschudi, 1838, Pscudophrine Fuznger, 1843, Prychudena Boulenger. 1917, Quusipaa
Dubots. 1992: Rane Linnaeus, 1758, Rhacophories Kuhl & Van Hasselt, 1822, Rhmoderni
Duménl & Bibron, 1841, Scupfuophn ne Boulenger, 1882: Scatohleps Boulenger, 1900: Sifi-
rana Gray. 1864: Sphacrotheca Gunther, 1859, Spmomanies Dubois, 1992, Staron Cope,
1865: Strongyiopus Tschadr, 1838, Tuchvenemis Fitanger, 1843, Tomopteina Dumenl &
Bibron. 1841, Thichobatsachns Boutenger, 1900, Xenopis Wagler. 1827

Clearng and staming was carned out accordmg 10 standard protocols (DINGERKLS &
Unt1r, 1977} as modificd by P10s¢ H{1991). The third finger and the fourth e are generally
the longast digits, and terminal phalanx morphology 15 usually best expressed in these digats,
although terminal finger phalanx morphology does not necessanly correspond with that of
the toes (CTARKT, [981) Except for a few specimens where the hand bones were disconnected
and a prease identification w.as not possible. the present study 1s focused on a comparison of
the ternunal phalanx ot the third digit of the hand This bone was drawn under a sterco
microscope equipped with a camera lucda, mostly from the dorsal side The dran mgs were
used 10 attan a prelmmary categorisation of character states On this basis, we selected
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representative specimens for each state for closer examnation by scanning electron micros-
copy (SEM). Further SEM analyses were carried out on specimens where the character states
could not be refiably scored otherwise.

The termnal and the penultimate phalanges of the third finger were removed from the
cleared and stained specimens. Tissue remains were then dissolved in KO, the bones
prepared for SEM analysis usg standard gold-coating procedures, and stud.ed using a
JEOL 35C mucroscope. The species and specimens for which the terminal phalanx of the third
finger (unless mentioned otherwise) has been SEM-pictured are indicated in the appendix and
most SEM pictures are reproduced n fig. 1-8. In the following species, other termnal
phalanges were SEM pictured. Fejervarya cancrivora (also fourth toe), Gastrophryne cf.
olvacea (only fourth toe), Kussina decorata (also fourth toe), Phrynobatrachus mababiensis
(fourth toe), Phrynobatrachus wernert (only fourth toe), Phrynodon cf sandersont (several
terminal phalanges, also first and second finger), Pipa carvaihor (third toe), Pseudophryne
bibromi {bones disconnected, differentiation between fingers and toes impossible), Prycha-
dena mascaremensts (also fourth toe, ZFMK 55157), Scaphwophrvne brevis (only fourth finger
as the other fingers were nussing), Strongylopus grayu (only first finger, as the other fingers
were disconnected), Trichobatrachus robustus (two specumens, the biggest specimen had an
extra hook on top of 1ts phalanx which has been pictured as well) and Xenopus viciorianus
(also third toe and fifth finger)

To test for a correlation among climbing habits and shape of termmal phalanges, we
transformed these mnto binary characters (chmbing vs. non-climbing, and distally bifarcated
vs. non-bifurcated) and traced ancestral character states using both Acctran and Defrran
models tn MacClade {MADDISON & MADDISON, 1998). We used the concentrated-changes test
of MapDISON (1990) to test the association of changes 1n these two binary characters (see
LorCii & Eapik, 1999) This test determines the probability that various numbers of gains and
losses of the dependent vamable (termmal phalanx morphology) would occur in certain
distingmished areas of the clade selected (defined by chmbing habits), given that a certain
number of gains and losses occur 1n the whole clade, and given the null model that changes are
randomly distributed among the branches of the clade.

RESULTS

Based on this study. we distinguish a total of 13 character states for the shape of the
termunal phalanx of the third £nger, named A to M and classified into three major character
state groups® (1) pomted tps, (1) rounded and relatisely broad tps, (111 bifurcated ups An
additiona! state, the hook-shaped morphology. was only observed on the ternunal phalanges
of the toes and 1t 1s therefore not coded Considerable vanation was found withm speaies of
e same genus, g N Scaphiophnine (S hevns, state B, S calcarara, state Fooand S
narmorata, state Hy Tn some cases. a lnmited amount of variation was also observed between
indnviduals of the same species. Descriptions of character states gnven i the follow ng refer
Lurgely to the dorsal view, with more complete descriptions from diflerent angles for those
spectes forwhich SEM pictures were made For each character state we list the Laxa that fit that
description, with all deviations from the typical state desenibed i more detail In species
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where phalanx morphology of all or some toes was very different from that of the third finger,
we give short descriptions also of the deviant toe phalanx morphology

CHARACTER STATES

Stare A

From the basts, the terminal phalanx becomes less broad towards the (rounded) tip,
which does not end 1 a bulb. the tip 15 it k al or tetragonal.
Observed in: Aftixalus delicatus, A. fornasmi, A. fulvovittatus and A sp. (fig. 1a), Fejernvarya
cancrvora (fig 1c1-d3) and F lunnocharis; Hetericalus afbogutiatus, H andrakata, H. bersi-
leo, H luteostriaius, H madagascariensis, H punctatus, H rutenbergt, H tricolor and H
variahilis, Hvperohus argus. H marmoratus, H nasutus, H pusillus, H senudiscus, H sp. and
H tubertingwrs, Leptodactylodon mertenst: Leptopelis bocagit, L. cf mossambreus, L. modes-
tus, L. natalensts and L rufus: Megophr) s nusuta, Occidomyga hma, Phyvllomedusa sauvaght

The termunal phalanx of the A/ vulus species studied ends in a pentagonal tip. In both
Fejervarya species the termimal phalanx of the toe s relatively long. The tip of the terminal toe
phalanx s bent towards the ventral side. ending in a small bulb that cannot be recogmezed from
the dorsal side A bulb at the ternunal up 1s also present at the fingers, seen from the dorsal
side, Thus small bulb mdicates that Feervary a could also fit state F. Seen laterally, ihe dorsal
side of the terminal phalanx 1s straight, and the ventral side makes an S-curve from the basis
towards the up (fig 1cl-d3). This S-curve 1s absent in other genera categorized 1o state A,
although 1t 15 typically found 1 species with a hook-shaped morphology. Hyperolius and
Heternalus share the same terminal phalanx morphology In Leptoduc ty lodon mertensi, the
termunal phalanges of toes and fingers are sumlar In Occido_yget fnie, the tip of the ternunal
phalanges is somewhat pentagonal as i Afrixalus.

State B

Ths form has only been observed in Pipa carvafhor The terminal phalanx tip s rounded
and not stretched laterally, although it has a protuberance sticking out on top. All fingers are
of wdentical morphology The toes are similar to state E as duscribed below: the termunal
phalanx up is not perfectly round but a little bumpy.

State €

This fotm has only been observed 10 Xepopies victorrns (fig 1¢). The termmal phalanx tps
of the fingers are split in three The termumal phalanges of the fourth and fifth toe have two tips
without a distmet ridge 1 between, as af the terminal phalany tp had been excavated The
terminal phalanges of the first, second and third toe bend towards the ventral side and end m
a sharp pomnt. with a tendency towards a hook-shaped morphology

State D

The phalany up 15 a nghly reduced (orm. found wn £ pnody nastes sp.only Smee no SEM
picture was made, further compurisons are not possible,
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Fig 1 Scannung electron mueroscope pictares of ternmnal phalanges of thurd | nger (untess otherwise
mentioned . categor.zed m morphological states A AZF and C () Afrivekis sp., ventral view. state
AL (bl 2y Leptopcdes natwdens. dorsal and lateral views, state A (c1-3) Fopersana cancrnord,
dorsal, ventral and lateral views, state A/F: (d1-3) Feyervarva canerivora, fourth toe. dorsal,
lateroventral and Lueral view state AfF (el Yenopus victorar s, fourth toe dorsal view state C.
te2) Xenopus victorwanes, dorsal view, state C. The scale bars represent 100 pm

State £
The tp of the term.nal phalanges has no conspieuous shape 16 rounded and shzhtly
cone-shaped. lacking a clearly defined knob or bulb at the end.

The following species are categorized m this state e producty s madagan aremin
g 200 Broveeeps fincus and B mossambicas (Lg 2ah Discoglossis: galganor, Hemnan
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Fig 2. - Scanning <hectron microseope pieiuees of termmal phalanges of thurd finger, all categorized
(bl-3)

norphological state E (al-3) Breviceps mossambicus. lateral, Lateroventral and dorsal view
Scaphioper, ge Provo. Loteral, dorsal and sentrad views (133 Labwstona fabrovam (ZEMK
599671, lateral. ventral and dorsal views (d 1 23 Lafostoma fahroson (ZE MK 25901, Lateral and
dorsul views, Al prodac ty s madagascarienses. dorsal view. (1-2) Prvchadena mascaremensi,
aleral and dorsab views: (g) Platymant rugatits, dorsal v hront.
finger numher unhnown. dorsal and vential views. and dorsal view of another inger of the same

epresent 100 wm

h1-3) Pseudophrine bibron

mdividual. The scale bar
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marmoratus, Hoplobatrachus chinensis; Hyla arborea and H cinerea; Laliostoma labrosum
(fig. 2c and 2d), Platymantis corrugatus (fig. 2g). Pseudophryne bibronn; Ptychadena cf. mas-
caremensts, P. mascaremensis (fig 20), P bibrom (fig. 2h): Scaphiophryne brevis (fig 2b).

In Aglyptodactylus, the phalanx tip has a very vague bump at the terminal tip. It is almost
astraight line from basis to the tip of the terminal phalanx, only very shightly curved where the
bulb/knob would start in state F Breviceps are only tentatively categorized in this state since
they show the most reduced form of termmal phalanges of all the species examed. In
Duscoglossus galganor, the toe phalanges are longer than those of the fingers, but both have an
equally rounded up. In Hemisus marmoratus, the toes and fingers have the same shape of
terminal phalanges. The two available specimens differ slightly in form. One has phalanx tips
that are not shaped in any particular form, rounded and a bit cone-like, without knob form at
the end. The tips of the terminal phalanges of the second specimen are also cone-like, but with
a highly reduced knob at the end, hence fitting better in state E than in state F In Lafrostoma,
terminal phalanges are distally with a slight constriction, creating a slight bulb at the tip,
which is not obvious enough to place the species i state F. In Platymantts corrugatus, from the
basis of the ternunal phalanx towards the tip, the phalanx becomes narrower. It 1s most
narrow at the point where in state F a constriction would be present Except for P schudliko-
rum, which 1s categorized within state F, all Prychadenq species studied are categonzed within
state E, tending towards the morphology of state F. The terminal phalanges tips of the toes of
Piychadena bibrom have a hook-shaped morphology. In one of the specimen of Prychadena
mascaremensis, the tip does not end i a sharp hook but more pointed

Stare F

The distal end of the terminal phalanges 1s cone-l.ke. generally relatively broad. with a
“knob™ of various sizes at the end, m some cases with a constriction separating the knob from
the remaming phalanx. The followng species are categonized i this state: Astylosternus
montanus, Bombina sp., Cacosternum boetigert (fig. 3¢), Calluetla guttulata, Ceratobatrachus
guentheri(fig 3b), Dermatonotus muclers, Euphlycus ehrenbergu, Fepervarya lumnocharts and
F cancrnvora; Limnonectes kuhlv, Lithobates catesberany; Microlla puldhra; Nanorana
plesher, Ocetdozyga martensit, Prychadena schidlukovwm, Quasipaa spmosa; Scaphiophryne
calcaratatfig. 3a), Scotobieps gabonreus: Sph abreviceps, Tomop ol fnand I
naralensis; Trichobatrachus robustus.

In Asiylostermes, the termunal phalanx of the third finger 1s not as broad as in most other
genera placed within state F and ends 1o a relatively small knob. The termunal phalanges of the
second. third, fourth and fitth toes have a hook-shaped morphology In Bunihuta, the basts of
the terminal phalanx 1s relatively broad. with a knob as broad as half the size of the basis. In
Cacostermun, the phalanx is relatively narrow and elongated. with a knob at the distalend In
Ceratohatiuchin, the phalanx i relatively broad at the basts, getting narrower 1owards the up.
and the tip ends m « small but distinet knob separated by a constriction that 15 about 143 as
broad as the basts of the termmal phalana. In Dernuttonotus, the terminal phalanges are bent
towards the ventral side In Ewpffverns, the phalanx up ends in a knob and the termuinal
phalanges of the toes are more elongated than the ternunal phalanges of the fingers In
Limnonectes and Fepervarva, the phalans bp ends m a knob separated by a constriction In the
two juvenile specimens of Lithobates cateshewnie, the phalunx 1s not broad. bul relatnely

Source MNHN, Paris



126 ALYTES 26 (1-4)

Fig 3 Scanning electron microscope pictures of (erminal philanges of third finger. al. categonzed m
morphological state F (al-3) Scaphiophrisie calcurara, dorsal. lateral and ventral views, (b)
Cerataharrachus guenther, ventral view, (¢1-2) Cacostermam boctigert. dorsal and lateral views
The scale bars represent 100 pm

long, ending in a bulb. In Microfiyla, the knob expands shghtly in lateral direction, making
this a vaguely mushroom-shaped form tending towards character state M, Tn Nunorana, the
phalanx 15 relatvely long and narrow, ending n a knob separated by a constriction In
Occydoyga martensu, the terminal phalanges distally end m a knob separated by a constric-
tion. Prychadeny schndlukon i 1s an exception among the spectes of Piychadena, which are
otherwise categorized within state E The examined specimen of Scapluophryne calea ata has
an anomaly on its lateral side on the distal end bulb. In Scoiobleps. the termunal phalanges of
the fingers are relatively long, not broad. and end n a small bulb. There are very shght lateral
expansions, but these are too indistinet to be considered as representing a reduced form of
state H The terminal phalanges of the second and third toe have a hook-shaped morphology
The distal end of the first, fourth and fitth toe 15 rounded. but with lateral expansions.
resulting in @ mushroom-shaped form In the species of Sphuerothe e and the two species of
Tonopiernaan dorsal view, the terminal phalanx is broad at the basts. It has a clear bulb at the
top, about half as broad as the bass, The phalanx is narrowest just before the knob, but a
distinet constriction 1s leching In Tiwhobatracus., the termmal phalanges of the fingers are
cone-like and have a knob at the end. The terminal phalanges of the toes have a hook shape
In both specimens asanlable, the hook-shaped morphology 1s present at all toes, however the
biggest specimen has an extra, smaller hook on 1op of the hook shaped toes. Alter dissolving
the tissue with KOH. the extra. smaller hook appeared to be unconnected to the terminal
phalanx {fig. 8a-b).

State G

The terminal phalany s Y-shaped Sometames the two laterotetminal projections are
shightly curved towards cach other The tollowing species are wategorized m this state,
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Fig 4 Scanming clectron microscope pictures of terminal phalanges of third finger, all categorized m
morphological state G (a1-3) Anedonth ke montana, dorsal anteroventral and lateral views. (bl 3)
Phrvnomanns bifisctatie, dorsal and two ventral views (this speeies i categonized m stae G,
tending towards state J). (¢l 3) Riwicopforues dem si ventral, dorsal and lateral views (both tips of
the termmal phalanx broken), (d} Poh peduies otdopins, dorsal view The scale bars represent
100 um

Anodontn fa moniana (ig 4ar. Coplpy la pheliodacty le. Heleophne regs: Phoynobatrachus
aurits, Phrynoniantes bifascatns (fig 4b)and P mncrops: Polvpedates eqics. P maculatin and
P otddplus (fig 4dY: Rhucophorus demnsi (fig 4cyand R mgropabmattes

In Anoduniin la. the two projections are slightly curved towards each other A constrie-
11on was visible tow.ards the end of the two projections on the SEM picture In Helcopin ne,
sometimes the two projections are shghtly curved towards cach other In Pl ynobanacduns
atretis, the termuinal projections are shghtly less elongated  Phyvnomantss has a shghtly
fishtal shaped termunal phalans, reminding of Cliromanas serampelina and Hylarana
{ Amnirana) cf. albolabris, which are categorized mn state J The anterodorsal view shows a
T-shaped morphelogy wherem the distal end 15 more or loss i 2 straght Lne and the two
projections extend i lateral direction. In some of the (uvenle) spaamens of Pohdeputes
eques exammed, a constriction s visible towards the end ol the two projections, comparable
to Anodonthn ke montana. In Rhacophorus the two projections are very narrow and i a
strdight Tine without curves.
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State H

The termunal phalanges are T-shaped; at the distal end these form more or less a straight
line. This state is similar to state G, only the two laterotermnal projections stretch away from
each other 1n a more lateral direction. The following species are categorized m this state
Batrachylodes elegans and B. vertebralis; Colostethus nubicola; Cophixall fi iand C
riparis, Dendrobates auratus, D. leucomelas and D. unciors; Oophaga pumilio; Epipedobates
boulengert; Ameerega silversionet, Phrynobatrachus cf. versicolor, P. of. werneri and P crico-
gaster, Kaloula pulchra, Kassina decorata, Natalob hus bonebergi(fig. 5a), Petropedetes sp.
(fig Sby; Phrynodon cf. sandersom (fig. Sc-e); Scaphiophry ne marmorata; Staurois sp.; Arthro-
leptis [Schoutedenella) sp.

In Colostethus, the projections (distance between their tips) are as extended as the length
of the whole terminal phalanx In £ fob and , the projections are a little
more extended than the whole length of the terminal phalanx. In the three species of
Phrynobatrachus included here, the projections are less extended, but still more than in state
M. Kaloula has a morphology different from others that are placed within this state. the two
projections are not stretching away from each other but the phalanges are distally fan-shaped
and ending 1n a straight hine. Also Kassma has a different morphology, as the two progections
are much broader than n the other taxa placed withun this state Phrynoden cf. sanderson
sometimes has up to two distal protuberances on the phalanx tip. The place of occurrence
varies from centrally to just left or right of the centre. This seems to vary not only randomly
between the specimens, but alse between fingers and toes, between left and right hand or foot,
and even between digits of a hand or foot. In Scaphiophryne marmarata, the phalanges are
T-shaped. the distal end forms a more or less straight ine The two projections stretch away m
lateral direction In Arthrolepiss [Schoutedenella) sp., the termumal phalanges have a slightly
reduced T-shape. The distal end forms more or less a straight hne. The projections are Jess
elongated than 1n other species in state H.

State I

The terminal phalanges are shightly Y-shaped. The two lateroterminal projections are not
as prolonged as 1n state G but rather short and more closely connected with each other. This
state 15 found m all exammwed species of the gencra Boopius (fig 6b), Geplnronumtis,
Gmlwmun/n Mantella and Mantidacn fus (fig. 6a) which all belong i the Madagascan fanuly

Ilidae; and in the rh horid Kurivalus verrucosus.

In Boophis boehmer. B. ¢f mudagascaricnsts, B sp afl sthiduns, B sduc, B miniatus and B
tephiravonistan (fig 6b), on the ventral side a “bump™ can be seen. with an inciston m the
center This bump 1s present in many other spectes as well, but without mewsion. In Gepliy ro-
nantes webbi, Ghemanis bicalearaius, G flavobrunnews. Mantella aiwrantioca, M crocea, M
madugascariensts, Mantulactylis atbofrenatin. M grandediers and M ndeeross, the two
projections are shghtly curved 10 the lateral sides (hg 64) In Kw ivalus venucosin, the
morphology is similar to that of Beopfus teplraeomysiax (fig, 6b)
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Fig S Scanamg electron microscope pictures of termmal phalanges of third finger, all categorized m
morphological state H {al-3) Natafobatrac s bonchergs, dovsal, ventral and lateral views, (b1-3)
Petrapedetcs sp.. anteroventral, dorsal and lateral views (the small bamp on top of the termmal
phalanx of Perrapedetes 15 probably dust. 11 does not represent & characteristic feature of thts
Laxom), (¢1-2) Pir, sioadion of. sancderson, dorsal and lateral views, 31-2y Phrnodan of sandersont,
dorsal ang Lateral views of Lrst and second finger: (el-e2) Phrunodon of samdersons, corsal and
lateral views of third finger The owarrence and place of protuberances i s species vares,
sometimes i the center, and sometimes Just lefi or ght of the center The number of prowesses
Saries trom none 1o two This seems 10 vars not only fandomly between the specimens. but also
between fingers and tocs, between left and nght hand or foot. and even between digits of o hand or
foot. The scale bars represent 100 em
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Fig 6 Scanmng electron m.croscope pictures of terminal phalanges of thud finger (unless otherwise
mentioned), categorized in states 1, J. K and L (al-2) Mannidacrylin wkerosts. dorsal and
Ldterodorsal views, state I, (b1-4) Boophns tephraeonn stax, ventral, dorsal and twe anterodorsal
views, state 1, (el 2) Chusonantes xeranpelina, dorsal and lateral views, state J, (d1-d2) Hi afniobu-
trachtum flerschumanny, ventral and lateral views, state K. (e1-¢2) Hlvmienocdirus boctigess. postero-
Lateral and lateral views, state L, (f1-12) Azehoimrs calfibias ventral and lateral views. state L
teven thot.gh the termmal phal some of these SEM-ph hs are broken, they still g.ve

a good view of their morphology m Hyafuohatrachuam and Agalvchnes) The scale bars represent
100 um
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State J

This state is expressed in a Y-form and can be described as a fishtail-shape. It s similar to
state G, but with the two lateroterminal projections being enlarged. It has only been observed
in Chiromantis xerampelma (fig. 6¢) and Hylarana ( Ammrana) cf albolabris.

State K

This state 1s reminiscent of a combination of states G and H, but with the terminal
phalanges being strongly elongated and becoming very narrow towards the tip. It has only
been observed in Hyalimobatrachium fleischmanni (fig. 6d)

State L

The terminal phalanx is very narrow and relatively long, ending in a pointed tip. The
distal end is shightly curved towards the ventral side.

This form has been observed in the following species. Agalychnis caflidryas (fig 6f),
Hymenoclurus boettger: (fig. 6¢) and Stlurana tropicalis. In this latter species, the terminal
phalanx of the first, second and third toe have a hook-shaped morphology. The terminal
phalanx tips of the fourth and fifth toe are rounded and shghtly cone-shaped The termnal
phalanx tips of the fingers are also sharply pointed, but not bent towards the ventral side.

State M

The phalanges show rudiments of bifurcation distally This state does not describe a
well-defined single morphology but is rather somewhat of a “dumpbm™ for species of
intermediate states or where different morphologies are observed among digits. The observed
morphologes are. (1) the distal end of the terminal phalanx cone-shaped with a knob at the
distal end that bifurcates and has a distinct median notch, (2) the distal end rounded but with
lateral expansions, resulting in a mushroom-shaped appearance: (3) a reduced T form

The following species are categonized mn this state. Arthroleptis adelphis, A. adolfifriede-
rict, A poecidonotus, A sp and A variabilis, Hylarana ( Amnwana, lepus, Discoglossus
niontatentit; Discoglossus sardus, Gastrophryne cf olvacea, Hylarana ( Hydrophy bix s gala-
mensts, Hyvlarana « Hylarana) macroductyla, Odorvana tivida, Phivetimantis verrucosus.,
Phrynobatrachus mabubiensis, P natalensts and P wernerr; Rana dalmating and R temporaria;
Rhunoderma davwinis;, Hylarana « Sylvirana) mgrovittate, Strongs lopus gravi; Tachvoremis
seychellensis.

Due to the large variability in the detailed expression of this state. we here provide briel
descriptions for all taxa exlubiing 0 In Asthrolepus adelphus, A adolfifriederic. A poccilo-
notus. A sp and A rarabiin, the termmal phaianges shape varies Distal ends can be
bifurcated and have a distinct median notch, o have a mushroom-shaped morphology. In
Hylarana - Annerana y feps ot ifurcatesin lateral direction, mushroom-shaped. In Discoglos-
sus montalenia, a strongly reduced T-shape s present bothin fingers and toes. In Discoglossus
sardus, the distal end of the terminal phalanx 1s cone-shaped with a knob at the distal end that
bifurcates. There 15 no median noteh, but the knob is not rounded either The distal end
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slightly looks cubical In Gastrophryne cf. olivacea, two morphologies may occur on the same
hand or foot without obvious order The distal end of the termnat phalanx can be (1)
cone-shaped with a distinct median notch; or (2) rounded (fig 7¢). In Hylarana ( Hydrophy-
lax, galumensis, the terminal phalanx bends slightly towards the ventral side, ending in a bulb
with two pointy tips, bifurcating in lateral direction From a anteroventral angle, the curve in
the phalanx tips causes an incomplete view and shows a mushroom-shaped form, with a
lowering between the two bifurcating tips (fig. 7g). In Hylarana ¢ Hylarana) macrodactvia
(two specimens), there is a highly reduced form of state H, bifurcating 1n lateral direction,
without median notch In Odorrana lvida (two specimens), the terminal phalanx tips bifur-
cate 1n lateral direction, One of the two specimens has a mushroom-shaped bulb towards the
ventral side (fig. 7a), whereas the other specimen extends a bit more laterally and tends to look
more like the reduced form of state H In Phiyctamantis verrucosus, two morphologies are
observed: (1) the distal end of the terminal phalanx can be cone-shaped, bifurcating with a
distinct median notch; or (2) the distal ends can be rounded, not shaped 1n any particular
form. In Phrynobatrachus mababiensis (fig. 7e), P natulensis ifig 7d) and P werner: (fig. 70),
the phalanges are relatively narrow and elongated and with various terminal tip morpholo-
gies From the lateral side, the phalanx of P mababiensis 1s straight with only the terminal tip
bowing towards the ventral side The broadencd tip is divided into three parts on the anterior
side, the central part of which 1s the shortest. The distal end of the terminal phalanx of 7
natalensis 1s cone-shaped with a knob at the distal end that bifurcates and has a distinct
median notch. The phalanx of £ werner: 15 shightly T-shaped tending to state H, as the two
short projections extend m lateral direction and bend slightly 1 anterior direction. The top
makes a straight line. The projections do not extend as far as in state H. Other species within
the genus Phrynobatrachus (P auritus, P cf versicolor, P. cf. werners and P, cricogaster) are
placed n states G, H-M, H-M and H respectively In Rana dalmating, the phalanx tp 1s
mushroom-shaped. In Rana temporarta, the phalanx ends i a round mushroom-shaped balb,
which does not extend as much as other mushroom-shaped morphologies, tending towards
state F. In Riunoderma darwini, the distal ends of both fingers and toes are rounded, but with
lateral expansions, resulling in a mushroom-shaped form In Hylarana ( Sylvirana, nigrovu-
taia, the distal end 15 1 a straight line and bifarcates m lateral direction A fughly reduced
form of state H is observed in Strong) lopus grayit. the distal ends are rounded with lateral
expansions, resalting in a mushroom-shaped form (fig 7b) In Tachycnems seychellensis asm
Phiyctimants, two morphologies are observed (1) the distal end of the termunal phalanx 1s
cone-shaped, bifurcates and has a distinct median notch; and (2) the distal end 1s rounded. not
shaped in any particular form.

MAJOR MORPHOLOGICAL GROUPS

Most of the different states defined above can be summarized in three major morpholog-
1cal groups. defined below States B and € could not be placed m any of these groups, because
their morphology 15 1o aberrant States D and M do not clearly fitin any of the groups either,
and are possibly reduced forms of one of the other states.
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Fe 7 Scennmg electron microscope pictures of ternal phalanges of third finger (unless otherwise
mentioned n the followmng), all categorized n state M (a) Odorrana Ivida, ventral view, (b)
Strongviopus gran 1. dorsal view. ) Gustraphnsne of olvacea. dovsal view . (d1-2) Phryobantcus
nutatensis, gorsal and lateral views, (el-2) Pheynobairuchis mabamenss. fourth e dorsal and
Lateral views, {(1.-2) Phivnobatracin wernerr, fourth toe, veniral and ventrolateral views. (g1-3)
Hh larcma + Hudvoph, hix - gatamenss. dorsal, ventral and Literal views. The scale bars represent
100 um
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Fig 8  Scannmg electron mucroscope pictures of termmal phalanges of fourth toe categorized as
hook-shaped morphology (al-2) Trichobatrachus robustus (ZFMK 68850), lateral and dorsal
views, (bl) Trichobatrachus robustus (ZFMK 68851, hook on top of the terminal phalanx), lateral
view, (b2-4) Trichobatrachus robustus (ZFMK 68851), dorsal, lateroventral and lateral views
(the morphology of the third finger of Trichobatrachus robusius 1s categorized m state F),
(c1-3) Prychadena mascaremtensis, dossal, ventral and lateral views. The scale bars represent
100 prm

Morphological group I

Ponted termmal phalanx tips, states A and L. Afrinalus, Agalychnis, Fepervarya (also
state F), Heterixalus, Hymenodhwus, Hyperolius, Leptodacryloden, Leptopelrs, Megoplyy s,
Occidozyga (also state F), Phyllomedusa and Stiurana

Morphological group It

Rounded and relatively broad terminal phalanx tips, states E and F Agh prodacty hus.
Astvlosternus, Bombina, Breviceps. Cucosternum, Calluella, Ceratabatrachus. Derputonons,
Dicoglossus, Euphivens, Fepervarva {also state A}, Heniws, Hoplohatrachus, Hnla,
Lalrestoma, Limnonectes, Lithobates, Microlvla, Nanorana. Occrdo_vga (also state A), Pla-
nmantis, Pseudophrine, P cadena. Quavipaa, Scaphiophrine brevis and S, cakarete, Sco-
tobleps, Sphaerotheca, Tomopterna and Trichobatrachus.
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Fig 9 Character states of terminal phalanx shape as distingaished 1n the present work All drawings
represent the third finger. except for the left drawing of character state C, which represents the
fourth toe The character state M incluades phalanges with rudiments of distal bifurcation. and
comprises different morphologies Here, two examples are given of this character state: The
morphalogies can differ dependent on tne observer s angle of observation This  especially true
for the drawing of character state A What seems o be a shghtly pomted head. 1s i facta small bulb
curving towards the ventral side (g 141 The distal end of this bulb is rather flat than pointed The
scale bars represent 100 zm
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Morphological group Il

Bifurcated termmal phalanx tips, states G, H. I, J and K: Amecrega, Anodonthyla,
Batrachylodes, Bl Bzmplm Ch , Colostethus, Cophixalus, Cophy la, Dendro-
bates, Epipedob , Guib , Heleophryne, Hyalmobatrachian, Hyla-
rana [subgenus Ammmna] (l(aloula) (Kassina), M(mlel[a. Mantidactylus, Natalobatrachus,
Oophaga, Petropedetes, Phrynobatrachus (some specimens in state M), Plxr)rnodon Phryno-
mantis, Polypedates, Rhacophorus, Scaphiophryne 3 tla],
Spimomanuis and Staurois.

CONSENSUS PHYLOGENY, CHARACTER TRACING AND CHARACTER CORRELATION

The systematics of ranod frogs are still in a flux, but recent molecular work has clanfied
much of their basal phylogeny We summarized molecular trees based on multi-gene analyses
as published by Buu & BossuyT (2003), RorLanTs et al. (2004), HOEGG et al. (2004), VAN DER
MEUDEN ¢t al (2004, 2005) and VENCES et al (2003). We produced an mformd] superlree by
manually superimposing these trees with trees of deep id
(San Mauro et al , 2005; RoeLaNTS & BossuyT, 2005}, and considered nodes that recerved
high support (Bayesian posterior probabilitics > 95 % or bootstrap support values > 70 %) 1n
at least one of the analyses and were not contradicted by highly supported alternative
topelogies i other analyses. A few additional aspects of the topologies were resolved
following the analysis of FrosT et al. (2006), although these authors did not provide bootstrap
values which would have given a directly comparable measure of support to other analyses.
Because of the limitations in including phalanx shape asscssments published by other
authors, we only ncluded in the tree those genera for which terminal phalanx data were
gathered in the present study. The resulting consensus tree 1s shown in fig 10-11 Tracing
character state transformations based on our original character states on this tree (not shown)
required a mimimum of 52 transformations and resulted 1n a consistency index (c1) of 0 38 and
a retention index (1) of 0 36. Tracing the three major groups of characier states (not shown)
required 2 mummum of 19 transformations and yielded values of ci/ri values of ¢ 11 and 0.48.

Reconstruction of ancestral states was ambiguous on these trees in most cases. In order
10 test for a possible correlation between habits and distal enlargement of the termmal
phatanx, we divided the observed states i two major groups, namely (1) those without a
distinet distal enlargement as in morphological groups I and I above (plus states D and M),
and (2} those with a distinct Y shaped, mushroom-shaped or T-shaped distal enlargement, as
m morphological group 111 above This character resulted 1 ci/ri values of 0 06 and 0 46, and
a tree length of 16 transformations. Character tracng supported distally non-enlarged
phalanges as the ancestral state 1n most major clades and supported an independent origin of
distally enlarged phalanges in 12 clades (fig 10) In at least two cases a reversal was indicated,
and two further transformations could not be unambiguously identified as exther origin or
reversal

We further grouped the genera studied grossly by their habits m non-chmbing species
(terrestrial. semi aquatic and aquatic species) and climbing species (including arboreal. semit
arboreal and rock-dwelling taxu) This character resulted i ci/rt values of 0.05 and 0 40, and
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a tree length of 19 transformations, Non-climbing habits were identified as ancestral and 11
independent origins of chimbing habits were identified (fig 11). Two reversals to non-climbing
behaviour and five transformations of uncertamn direction were further 1dentified. Of the 11
origms of climbimg, six concided precisely with the origin of distally dilated phalanges. In
several cases, this correlation seems obvious: (1) Aglyptodactylus and Lahosioma, clearly

bedded n the Mantellidae/Rh horidae clade, are the most terrestrial mantellids and
the only representatives n this famuly without distally enlarged terminal phalanges; (2) the
most clearly rock-dwelling or scansorial ranoids, such as Staurois, Natalobatrachus, Phryno-
don and Petropedetes, all have distally enlarged phalanges, (3) m Scaphiophryne, the one
included species with enlarged finger disks and at least occasional climbing behaviour, S.
marmorata, has distinct T-shaped phalanges, whereas the purely terrestrial species do not
show any enlargement, Nevertheless, several striking counter examples exist as well, indica-
ting that this correlation 1s certainly not an obligatory one: (1) the fully arboreal hyhds show
no distal enlargement, and (2) the same 18 true for the arboreal hyperolnds and leptopelines
(paradoxically, except for the largely terrestrial Kussina).

For the concentrated changes test of character correlation as implemented in MacClade
(using 10,000 simulations), 1t is necessary to trace ancestral states of dependent as well as
ndependent variable as precisely as possible. In order to allow for unambiguous reconstruc-
tions, we therefore resolved the polytenues in our phylogeny as follows' (1) among microhy-
hds, posttioning Phrynomanits as most basal and gastrophrynines sister to microhylines; (2)
among mantellings, placing boophines as most basal. It 1s highly unlikely that any aliernative
resolution of these poly tomies would have affected the outcome of the concentrated changes
test in a relevant way. Using Deftran character tracing, and under the null hypothesis that
gains and Josses are randomly distributed, the probability of observing, out of 13 gains and 4
losses. of the character state “bifurcated”, the observed 7 and 0 (defined as more than 6 and
less than 1), respectively, on branches distinguished by the character state “chmbmng”, was
lower than 0.005. Under Acciran reconstruction of ancestral states, 11 gams and 6 losses of
bifurcated terminal phalanges were observed, 7 and 1 of which occurred in subclades
characterized by a climbing character state (P < 0 005). Under MINSTATE and MAX-
STATE L the d d, but the null hypothesis of randomly distri-
buted changes (no correlation) was stll significantly rejected (P < 0.05) 1n all cases.

DIscUssIoN

COMPARISON WITH PREVIOUS STUDIES

In ranoid frogs, four authors (Liem. 1970; CLarke. 1981, DRewes, 1984, ScoTT, 2005)
have analysed the shape of ternunal phalanges in detail and defined character states to be
analysed in a phylogenetic context.

Lim (1970), i a study of Old World treefrogs (currently 1n the Hyperolitdae. Rhaco
phoridae and Mantelhdae). recogmzed four states of the termmal phalanx (tab 1), three of
which compare directly to states E/F. G and T here Liras (1970) state 1 compares to &
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F.g 10 Phylogenete trec of the taxa stadied. based on mformal merging of recent molecular
phylogentew, with character tracing of bifurcated (black. character states G, H. 1 T and K) vs
non-bilurcated (white. other character states) phatanx shupe. Hatched branches indicate ambi-
guous reconstruction,
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Fig 11 Phylogenetic trec of taxa studied, based on informal merging of recent molecular phs logenies,
with character traumg of climbmg (black) vs. non-chmbing twhite) habis Hatched branches
dicate ambiguous reconstraction. Note that st s very duficult to clearly define these character
states. The ass.gnations wsed here are meant to refer only to the species studied by s, and 1n some
cases certamnly are controversal this reters for mstanee to the defimtion of Helenphrine as (rock
hmbimg. and of the studied species of 71 heran as non-cimbing although they can repularly be
found m the vegetation Assigning alternative character states to these taxa. however would not
have resulted m relevant changes of the resuits of the analysis.
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Table 1. Character states of terminal phalanx shape as used by Liem (1970} (first column) and
their equivalents as defined here (last column).

State State deseription Compares to
0 | Obtuse termunal phalanx, the distal end 1s simple or a rounded knob States E and F
1 |Claw-shaped terminal phalanx; pomnted and curved downwards Hook-shaped
10e morphology

2 |Bifurcate tcrmunal phalanx; the distal end 1s shghtly bifurcate but not State T
ponted, and the length of each branch is less than the width of the phalanx

3 |Y-shaped termmnal phalanx: the distal ends are potnted and the length of State G
each branch 1s longer that the width of the phalanx

hook-shaped morphelogy found in the toes of Trichobatrachus robustus. Pty chadena bihront,
Astylosternus montanus, Scotobleps gabomcus and Sthurana troprealis Liem’s (1970) general
observation of taxa currently in the Rhacophondae and Mantelbdae having Y-shaped or
bifurcated phalanges corresponds well with the results obtamed here.

CLARKE {198 1) exanuned African species today classified in the Ranidae, Dicroglossidae.
Ptychademdae and Pyxicephalidae (FRrosT et al., 2006) and recogmzed seven diffcrent states
of termmal phalanx shape. CLARKE's (1981) states 1, 2 and 5 are reduced forms and were
subsumed as state M 1 our study (tab. 2); state 0 compares 1o our state F and was found in
species of Ramdae, in agreement with our observations of state M in Hylarana ( Hylarana,
macroductyla, state 1 1s comparable to our state M and was found in Hylurana ( Hydrophylax ,
galamensis and Strongy lopus, state 2 1s also comparable with our state M and was found i
Avbria, some species of Comraua, Hoplobatrachus occiprtalis and Pyicephalus. We did not
study any of these taxa, and the precise form of thus state accordmg to Crarkr's (1981)
drawimgs was not observed by us in any other specimen, state 3, seen by CLARKE (1981) as
extreme expression of state 2, was only observed in Conrata beccarn which we did not study
here; state 4 1s described as reduced and almost cone-like, and appears to best compare to our
state E. it was found by CLARKE (1981) in Tumopterna, Hidebrandtia and Pyxicephatus.
whereas we categorized Tomopierna 1 state F CLARKL {(1981) used a juvenile specimen of
Py vicephalus adspersus with incomplete ossification of the skeleton, which lead to doubt m
showing state 2 or 4, state 5, comparable to state M 1 our study, was found 1n Lanzarana
largeni (not studied here), state 6 (comparable to our states A and L) was found in Prychudena
only, but according to our results, species of Prchadena are characterized by a tendency
towards a small termmal bulb and are therefore categonzed m state E Only Prychudena
flenveri was not categorized in state E, butin state F. The pointed. dersoventrally curved distal
end in this species compares 10 a reduced form of a hook shaped morphology, observed m this
study in the phalanges of the toes of P, bibroni.

Driwts (1984) analysed the terminal phalanges of the third finger, mainly o hyperoinds
and leptopelines. but for comparative purposes also n other ranoids. He distinguished four
stales (tab. 3). State 0, from the drawmgs and descriptions provided, 1s comparable to the
hook-shaped morphology, which i this study has only been observed m toes. State |
compares to morphological group 11, consisting of states E and F The shghtly notched
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their equivalents as defined here (fast column)

141

Character states of terminal phalanx shape as used by Ct ARKE (1981) (first column) and

State State description Compares to

0 |Distal ends of terminal phalanges of fingers and toes simple. rounded, State F
knob-like

1 |Distal ends of termmal phalanges of fingers and toes bifurcate (have a State M
distinct median notch, state 2 of LIEM, 1970)

2 |Dnstal ends of termunal phalanges of fingers and toes rounded, but with State M
lateral expansions, making the outline of the distal phalanx “mushroom-
shaped” 1n appearance (no median notch)

3 | Distal ends of terminal phalanges of fingers simple, knob-like or as state 2, | Reduced form
toes shightly T-shaped; the anterior distal border of the phalanx of state H.
perpendicular to the axis (no median notch)

4 | Termumal phalanges of fingers and toes reduced, almost cone-like State E

5 |Fingers with expanded distal ends 1o terminal phalanges, phalanx State M
appearing almost “dumbbell-shaped” (especially on third and fourth
fingers); toes similar to state 4

6 |Distal ends of terminal phalanges of fingers and tocs fairly pownted, carved | States A and L
dorsoventrally

Table 3. Character states of teriminal phalanx shape as used by DREWwLS (1984} (first column) and
their equivalents as defined here (last column)
State State description Compares to

0 | Termunal phalanx long, slender, and claw-shaped: Hook-shaped toe morphology
curved ventrally and tapered evenly to a pont.

1 |Termmal phalanx long, slender and pemform; a Morphelogical group 11 {states E and F)
noticeable constriction present near tup; tip oval,
but not pointed; phalanx may be shghtly curved

2 |Ternmal phalanx short, obtuse, and unmod.fied or | State M and morphological group [
with the tip slightly notched or emarginate (slates A and L), state M comprises

different forms where the shghtly
notched morphology belongs;
morphological group 1 can account for
the unmodified tip

3 | Tip bufurcate. cach branch longer than width of Morphologieal group I11 (state H)

phalanx just proximal to bifurcation
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morphology of state 2 compares to state M, whereas the unmodified tips fit state A and L
(morphological group I) State 3 compares to morphological group III, more specifically to
state H. Of the species categorized in state 0 by DREWES (1984), we studied Hererixalus
madagascariensis, Hyperolus argus, Leptopels bocagii and L. modestus. All were categorized
in our state A, as well as other species studied within these genera. Of the species categorized
in state 1 by Drewes (1984), we studicd the following species: Afrixalus fornasmy, A.
fulvovittatus, Hyperolus nasutus, H pusiflus, H tuberidmguis and Tachycnenus sepcheliensis.
Except for Tachycnens seychellensis, which was categonzed in our state M, all were categor-
ized 1n ourstate A. Of the species categorized in state 2 by DReEwES (1984), we studied Kassina
decorata, which was placed 1n our state H, and Phiyctumantis verrucosus, which was placed in
our state M. We did not study any of the species categorized 1n state 3 by DREWES (1984). We
assume that the di between the t of species to morphological states,
between DREWES (1984) and our analysss, does not indicate true polymorphisms but are rather
due to differences in interpretation,

ScoTT (2005) examined a large number of ranowd apecnes osleologxcdlly and composed a
data matrix of morphol I and molecul for phyl ic analysis. She distin-
gwshed between the terminal phalanx shape of the fourth ﬁnger and the fourth toe, defining
three states within the finger morphology (tab. 4) and seven states within the toes (1ab. 5) Here

a comparison will be made for finger phalanx morphology.

State 0 of ScotT (2005) 15 bifurcate, T- or Y-shaped, and compares to our morphological
group I11, which consists of states G, H, T, J and K. Of the taxa catcgorized 1n ScoT1’s (2005)
state 0, the following species were also analysed in the present study. Naralobatrachus
bonebergi, Batrachylodes vertebralis, Phrynobatrachus cricogaster, Phrynodon cf sandersoni,
Petropedetes sp. [P cameronensis, P onatator, P newtont and P, parkeri studied by Scott
(2005)] and Stawrots sp. [S natator studied by ScotT (2005)]. all categonized 1n our state H,
Hylarana 1+ A 1 cf. alholubris and Ch pelna, placed in our staie J;
Phrynomantis bifasciatus, placed 1 state G, tending to state J, Phry noharrachus natalensts and
Hylarana ( Hydrophylax) galamensis, placed i our state My Muntella aurantiace, placed in
our state 1

State 1 of ScoTT (2005) ts knob-like and simple. and compares to our morphological
group II. which consists of states E and F, Of the species categorized in Scot1’s (2005) state
1. the [ollowing species were also analysed in the presentstudy A frixalus fornasum, Hyperohus
marmoratus and Leptopehs of. mossambieus, placed m our state At Hemisis marmoratus.
Breviceps mossanibicus and Platymantis corvugatus, placed m our state E: Cucosterman
boctigers, Trichohatrachus robustus and Scotobleps gabomcus, placed 1 our state F, although
the latter two species showed a hook-morphology of toe phalanges; Arihroleptis variahilis.
placed 1n our state M.

State 2 of Scort (2005) 15 sharply pomted and slightly elongated The elongation
compares to our state L. whereas the sharply pomnted morphology malches the hook-shaped
morphology found in the terminal phalanges of the toes tbut not the fingers) of Trichobatra-
chus robustus, Ptychadena bibront, Astyvlosternus montans, Scotobleps gubomens and Slurana
tropreales Of the species categorized i state 2 of the finger morphology by ScotT (2005). we
studied Prvchadena mascarenensts, which we placed i state E. and Strongy lopus graj i which
we placed in state M,

Source MNHN, Paris
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Table 4  Character states of terminal phalanx shape of digit IV of hand as used by ScotT (2005)
(first column) and their equivalents as defined here (last column).

State State description Compares to
0 |Bifurcate, T- or Y shaped States G, H, I, J and K (morphological group 111y
1 |Knob-like, simple States E and F (morphological group I1)
2 |Sharply pointed, shghtly elongated Elongated state L; sharply ponted:
hook-shaped
P

Table 5 Character states of terminal phalanx shape of digit 1V of foot as used by SCOIT (2005)
(first column) and their equivalents as defined here (but largely refering to fingers: fast

cotumn).
State State description Compares to

0 |Large T-shaped State H

I |Smali T- or Y-shaped States G, H and (I}

2 |Simple or only shghily dilated State M

3 |Long, sharply pomted State N

4 |Y-shaped, arms bearing flattened ovate flanges State J

5 |Pointed, truncated {short} to triangular, tip may States Eand F
be a small globule

6 |Long. sharply powmted. as 1 state 3. but up The extra hook separated from the rest of
separated from the body of termnal phalanx the phalanx. stnular to the observation
and bent sharply downwards {may or may not reported here 1n one specimen of
perforate the in lifc) Trichobatrachus robustus

ScoTT (2005} referred to Phrynodon having T-shaped tips (according to BLOMMIRS-
SCHLOSSER, 1993}, whereas she observed only Y-shaped tips herself The SEM pictures in our
study (fig. 5¢-e) show a morphology in-between the two forms, with protuberances on top of
the tips.

One further aspect that requires discussion 1s the identification rebabihity of the speci-
mens studied. Many species of ranoids, especally small-sized African and Asian species, are
notonously difficult to 1denufy to species, sometimes even to genus. We are confident in our
identification of d, brevicipiud, microhylhid and pyxicephahd species, but this 1s much
less true for various phrynobatrachid, ptychademd, arthroleptid or rhacophorid taxa. several
of which were obtained from the pet trade without verified locality data. Genus attiibation of
all specimens studied herein 1s reliable, and possible misidentifications will not affect our
major conclusions. However, when comparmg detailed data for single species among studies,
this potential source of error, in our study as well as in pubhshed works, needs to be
considered
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HOMOPLASY AND ECOLOGICAL CORRELATES OF PHALANX MORPHOLOGY

Several authors have reported differences between phalanges of fingers and toes, and also
among fingers or toes. DrREwEs (1984) found httle variation 1n this respect in the species
examined, but restricted his analysis to the third finger based on the work of Heyer (1975) 1n
hylod frogs at the time considered to be in the family Leptodactyhidae (now partitioned;
FROST et al., 2006} Hevir (1975) found variation of terminal phalanx shape from digit to
digtt CLARKE (1981) has also noted that the phalanx morphology on toes and fingers does not
necessarily correspond to each other. Any one of the states he distingwshed varies in degree
on the different digits of a hmb. He noted that 1n general a given state is best expressed on the
third and fourth fingers on the hand, and the thurd, fourth and fifth tocs on the foot Our
observations confirm that the general phalanx morphology of a species 1s best expressed in the
longest digits avalable, which usually are the third finger and the fourth toe.

Altogether the comparisons reported above indicate that scormg character states of
terminal phalanx shape in frogs is a difficult endeavour, and along with FABREZI (1996) we
conclude that this character 1s strongly affected by homaplasy. The number of states distin-
guished appears to depend on which groups of ranoids are studied, and certainly 15 also
affected by subjective decisions of the different researchers. Liest (1970) focused on rhaco-
phorids, mantellhds and hyperoliids, with some additional taxa as outgroups, and distin-
guished four states; DREWES (1984} studied mainly hypero]uds and lcplope[mes, and distin-
guished four states; CLARKE (1981} studied rep ives of d denid

and d lossids, and d hed seven states. ScoTT (2005} sludlcd most
lmedges of ranoids and disungmshed three character states for finger phalanx shape, and
seven character states for toe phalanx shape. In the present study we used SEM to better
visualize the phalanx morphology and partly arrived at categorizations different from those
of previous workers. However, in many cases. especially when terminal structures are weakly
expressed, iL1s very difficult to provide a clear categorization and distinction between clear-cut
states, a dilemma also noted by CLARKE (1981) and FABRF z1 (1996} In addition, ontogenetic
artefucts may more commonly have the power to obscure geneticully determined (and hence
phylogenetically retevant) underlying morphology in such “reduced™ states where the diag-
nostic shape 1s not marked by distinctive protruding elements. We do not expect sexual
dimorphism to occur m this and most other osteological characters, but such a potential
nfluence remains largely unstudied For these methodological reasons alone. and in line with
the conclusion of CLARKE (1981), the value of the morphology of termunal phalanges to mfer
phylogenies must be seen as very limited

A further issue 1s whether ternymal phalanges undergo rapid adaptive modifications and
can therefore mask rather than resolve phylogenetic refationships Several authors corrclated
terminal phalanx morphology with habitat and habits. DRewes (1984) hy pothesized that this
character can be explaimed by the frog's habitat, and that the different states may constitute
spectabisations for muscle msertions. Lim (1970) noted that modifications of the terminal
phalanx were present 1 most arboreally adapted species, and CLARKE (1981) assumed that
termnal phalanges often undergo adaptive modifications.

The survey and comparative analysis presented here indicate. on one hand. an important
phylogenctic component in terminal phalanx morphology. For example. all species of the
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Boophi and 1 the family Mantellidae examimed (Licv, 1970;
VENCESetal , 2002, our data) have a similar, shightly Y-shaped bifurcated phalanx shape (our
state 1), although the Mantellidae are a rather old group that probably spht from the
Rhacophoridae in Cretaceous to Paleocene times (BossuyT & MILINKOVITCH, 2001; VENCES
et al., 2003), and although all are ecol Ily and morphologically very
diverse, containing chmbing as well as largely terrestrial frogs (GLaw & VENCEs, 2006). A
similar case can be made for several other groups, such as the Hyperoludae which almost all
have non-bifurcated phalanges. A phylogenetic component is also obvious from the fact that
several cl states were 1d d i the few d taxa d here which were
not found in any of the vast number of ranoids studied.

On the other hand, our data also provide the first sigmificant evidence for shifts in phal-
anx morphology 1n concert with shifts in habits of the frogs. Such an analysis 1s made difficult
by the plethora of different character states observed We therefore decided to study a single
pattern, termunal bifurcation of phalanx, where a reasonable working hypothesis could be
drawn and tested arboreal and rock dwelling climbing frogs have usually evolved (phyloge-
netically independently: OHLIR & Dupors, 1989) enlarged disks of fingers and toes, and an
enlarged terminal phalanx may be useful as internal support for this disk, or as attachment for
muscles that increase disk mobility for improved chmbing A correlation of these characters
with the presence of an intercalary element between terninal and subterminal phalanges of
fingers and toes, and of this element with chmbing habits, has already been found by
ManzaNoetal (2007). By coding terminal phalanx shape and habits each as binary charac-
ters (terminal enlargement of phalanx by bifurcation, vs. no such distinct enlargement; and
chimbing vs. not chmbing) we could apply a statistical test and reject a stochastic distnibution
of both characters along the phylogeny. This indicates that indeed terminal phalanx bifurca-
uon evolved muluple times in concert with chmbing behaviour, but more sophisticated
analyses are necessary to better understand this evolutionary process. Since bifurcation dffers
n several metne variables (angle of protrusion of lateroterminal processes, and their length
and width), and arboreal and rock-dwelling frogs differ 1n the degree of climbing (e g . some
scansonal frogs clunb only at mght whercas other frogs leave the trees only for breeding), it 1s
in principle possible te perform a quantitatie comparative analysis along ¢ phylogeny. Other
factors could be taken into account by multnariate approaches, such as the size of the
termunal finger disks, the presence of 1ntercalury elements and the structure of digit muscles,
which may functionally correlate with terminal phalanx shape iMaszanoet al . 2007) We are
comvineed that more in-depth deseriptive studies of morphological character states mn com-
bmation with character traang along well-supported molecular phylogenwes will be highly
mformatise to understand thew ecologeal correlates and adaptive value. Along with Scot-
LAND el al {2003). but acknow ledging the enitiims of JEnsrr (2004) and Wi s (2004) 10 a
generalizauon of this approach, we believe in the usefulness of detailed analysis of particular
morphological characters. i this case i anuran osteology In contrast to uncritical studies
that am to add ¢ maxmum namber of morphologcal characters 1o data matriees for
phylogencue analyses. such detatled and focused morphological analyses are more prom.sing
They are required 1o tdent.fy diagnosue and phylogenetically informative characters for
magor anuran clades which are badly needed 10 rehably assign tossil forms 1o evolutionary
fincages And they will contribute to the long-neglected Cold of wnuran functional anatomy by
drawing hypotheses on poss.ble adaptive signtficances of parucular character states
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APPENDIN

List of specrmens studied Collection abbreviations are as follows. Musco Regionale di Seicnze
Naturahi, Torino (MRSN}, Muséum National d"Histoire Naturetle, Paris (MNHN), Museum of
Comparative Zoology. Cambndge (MCZ. housed as exchange n ZSM); Zoofogisch Museum

(ZMA), Minchen, Munchen (ZSM),
Zoologisches Forschungsmuseum Alexander Koemg, Bonn (ZEMK); Thomas Ziegler working
colleetion (TZ: specimens to be included i ZFMK). Other abbreviations uscd, SEM, camined by
Scanning Electron Microscope, MIC, cxamined by stcreo microscope (and i most cases
schematically drawn with the ad of a camera lucida) Character states as used and explamed w the
text.

Speaies. Catalogue number SEMMIC Charactor state
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Fegernrsa mocharss (Uravenbors, 1629) TZ 526, ZEMK 49215 mc Aok
Hhoplobatracin chncses (Osbeck. 1765) Mic €
Lomnnectes ke ), ¥ MIC ¥
Namrana plesker Gliniver 1596 M l
W g e, 1429) Mic A
e ey e tters, 1567) MiC |
uasipa spmovs s . 18751 o ¢

Sphaermtes b mmmm e, 1799) MK 1379, 75M 0 199 Me €
eSO Cope. 18

Hemsus amaromomitus (@atees. |xu\ 2K e

Source MNHN, Paris
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50 ALYTES 26 (1-4)
Species [ Catalogue number | SEM/ MIC Character state
i e 155
|Afrizatus delicatus Pickersg ZFMK. MIC A
i o o 513 2k 6380 Mic A
| Afrezatus futvovinatus (Cope, 1861) | ZFMK 62576 MIC A
apsatissp 7P sncislogued s, Mic A
Jrimm Zewi os70-6871 wic A
pisati o ZFrsi wnaislogucd wic A
[P ——— 3 Mic N
Heerusas ko Gaw & Veoces, 1991 ZEMK 52561, 52504 Mic A
Hererixatus berleo (Grar ier, 1872) [MRSN A.399 4, ZMA 6724, MIC A
6756. ZMA FN 995
Hetratus ieostnatus nderson, 19.0) MKSN A 927 wic A
| Heterixafus madugascariensis (Duméol & B.bron, 1841) | ZFMK 52574, 52647 MIC A
etersotus puncatus Claw & Vences, e Mic N
Heterixatus rutenherge (Boetiger, IBE1) ZFMK 59844 M A
Hetersalus mcolor tBosiger, 1881} 2R 52953 Mic N
e s A, 150 2R 52578, 53606 e A
Hyperotusargs Pores. 1834 2Pk 5750 Mic N
Hiperolius marmoraius Rapp. 1852 27 77368777, ZEMK MIC A
ncsnlogucd (2 speciens
tperctus nasdus Guies 1865 Mic A
Hyperolus pusidlus (Cope, 1862) ZPMK 6R781 MIC A
Hypesolassemiscus Wews, 1921 25K o779 e a
tpervias 5. 2 s mic N
Hvperalus tabriinguis Smith, 1849 7FMk o Mic A
Koo decorsia Angel, 1990) by e "
Phiscimiants verricoaus (Bousager. 1912) ZeMK swr2s M M
Tuchscnems seychellensis (Duénl & Bibron L1413 4K 62359, 62879 wmic M
M AP Lt 194
ehptodacists madogascarieasis Gumer . 1953 ZraK 1805 ETATS ¥
Aaptodatys macdugascarienss Dunal, 1853 ZuK 52682, 0389 e e
Blonuersia e (Gui, (974) ZEMK 535% Mic '
oot e Gl 8 Venwcs, 1992 R oot Mic 1
Bonphuscf madogascaneas (hetes. 1974) MRS Mic 1
ophus ula (Stcmdcone. 1467) K 619 sic )
B monas (Mocqurd, 19023 ZMK 43166 Mic )
Boapissp Al wbiars i 197 wic 1
B —————— oK ssrg st )
| FAST———— K s SEAM MIC 1
| -, Zenak 32726 e )
Guibennts baearanns (Boetger, 1913) ek s Mic 1
Guivermants Fasobrunnens (BloomersScbloser 1579) | 26K 17621 Mic )
Lutustoma abrosin (Cope. 18681 A P 7 Mic '
7Nk, 32755, 590
Latostoma érosan Cope, 18081 20K w850, 33967 skt f
T o, sanor Mic )
Ml croven Pk & Bonwe 199 ZRVIK e mic 1
L —— Zonak gsvon e 1
[r———y oK 25973 wic )
W s seaer ocaiars 1955 e Mic )
Munitdoerstus ideerosus (Boeuger 1860, ZEMK 6RRDS SEM MC 1
Sponnons e (Mhetaen & Hewnt, 9131 ZmK 4ot Mic '
b hcuourunar Ganner 1858
Artoddamista movitana Aogel 1925 MRNHN 1972 1112 SEM MIC G
Cottaiv Bty 15551 ann 0 45 wic 1
Cophuaaiosdougrms Wovenige. 1900 M7 1T N W
Coptratus rparn Zwatl 1902 MCZ 0189 0198 i W
Cophi pivodacile Boexger 1490 7K i wic G
P———————y v wic |
P 7Pk s pravpens M
Kaleia Gy 1433 ZeMK 652 Mic Frm—
Mt g allowoll 18613 w250 haic f

Source MNHN, Paris
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Species Catslogae mumber r

SEM MIC Characier state

MiCROiIDAE Glther, 1858 tcomnustion)

Pulpecdarés s Sounier 1858

JEMK ancaplogued
Spen wrs

Fhrynomanss bfasciatus (Smih, 1347) ZPMK 68843 SEM, MIC Glicnds t0J)
Phrvmomaniis fusciatus (Smh, 1847} 2RV 64 Gtendsto )y
Phrynamants microps Peters, 1875 ZEMK 65842 SEM, MIC Gliends to.)
Scaphaphryne brevs (Boulenger. 1896) MNHN 1975 2612 SEM.MIC €
Scapiuopirone colcarata (Mocquar, 1695) 2ZPMK 59998 SEM, MIC ¥
Scaphiophryne marmoruia Boulenger, 1352 ZEMK 015D, MIC "
Rare, 1931
Petrapedetes sp. [MNHN 1989 3999 [ _semgBmic | H
PHRINOBATRACHIZAE Laurent, 1931
Phrynobairachus curitus Bowlenger (900 ZRMK G261 MIC G
Phrvnobatrachus of. versicolar AW, 1924 2R 58788 MC n
Phrynobatrachus ericoguster Pemet, 1957 2ZPMK 67209 Mic "
Phrunobatrachus mabatuenss S wons, 1932 ZPMK 6E21 SEM (e 1), WHC M
batractus mobabrensis Sy 7PMK 68822 MIC M
Phrunobatracus natalensis (Smuh, 1849) ZFMK 6881663817, e M
68896120
Phrmohetrachus natatensis (Sraih, 1849} ZrMK 6818 SEM finger L, M.C
Phrynobatrachis werneri (Miede. 1910) ZPMK 6033 SEM(to V1, M.C | Finger M itends o Hi;
welv M
Phranobatrachus of ‘wemers (Nicden, 1910} ZFMK 4796047992 e Horm
Pirimouon of sandersons (Parker, 1935) ZEMK 67342, 64253, 68257 M H
Phrynodon of sanderson: (Parker, 1935) Zrvk 68 SEM MIC 0
PTYCHADE MDAE Dubors, 1987
Prvchadena bibrom 1l lowell 1845} ZINK 3420 MIC T
Prichadena bibrom (Ha towel, 1845) ZrmK 1017 e inger £, 1
rock mnrpnnlogy
Pihadena scitukorm (Weener, 1908) ZPMK 34045 e
Py hadena mastareniensis (Dumen & Bitron, 154 ) ZPMK 55,57 SEM,MIC rmgn k.
Adtending towands
oak morphology
Prychadens mascareaensis (Dumen & Brbron, 184 ) ZRMK 55621 Mic E
o <l mascareensis (Dumel & Bibson, I41) | ZFMK 538266627 __ naIc 3
Prascernaoas Bonapart, 1890
Cacosterniun boctgers (ou.cnger. 1582) ZPMK 33,16 o F
Cacoriernum boengurs (Bow enger, 1852) ZPMK 307 SEM,MIC v
Natulobatrachus bonebergy Hewt & Methucn, 1912 ZPMK 63812 SEM MIC H
Nutalohairoctus bonebergs Wewis & Mcthuco, 912 ZEMK 88136814 MiC H
Strangylopus grove (Smih, 149) ZEMK 33097 SEM.MIC M
Fomaprerna dealuncsy (Tschuds, 1K3) ZENK 44508 Mo F
Fomapterna natalensis (S, 1849} ZEMK 33 64 6315 M 3
[ fmu R imga s omavr 13 -
[57arano imaratioy & afhalasrss (hallowell, 156) NN IN 039 4151 M ]
Haruna tAmmranal lepis (Angersson, 1903) ZIMK 64830 Mo "
Hlarana edsopin gafamensis (Dument & Bibron, 184 1| ZMK 61676 S MIC ™
I lararm ttaranas mocrodocisie  dniher. 1459 7667 24 MK 4395 MC 4
Hslarana i5viiranas wgrovuta (B, 1856) 267,75 e M
S thobates cutesteamis (v, 1802) 2 ot Mo v
2 v
ko o (iyth, 5963 12349 ™
Cdorrana e (3t 1856) 1257 SEMLMIC ™
R i F\Amges 1 Banapare. 518 2K 2y Mic w
R temporaria Linnseus, 1758 ZEMK ancataogued Me M
Stauris 59 ZENIK 16597 SEM MG "
o _ [mkieses TS I
Clmrmamtes serompetn [7iMK 39367 s o
Comvemants serampeting Peters. Y554 2Nk g5 SEM MR )
Aarsvates verraeosis toule i '
Pt s s Gunther. 1558 ZENK 65797 (X709 nic o
niC o

Source MNHN, Paris
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species [ custoguemmber [ stwiaic Craracessate
Folopedates macvlaras (Gray, 1830} ZEMK (37 185 T Mic T
Potvpeces ottaphus (Bovienger, 1893) zPMK 6852 | skMMIc G
5 dennyss Blanford, 1881 ZFMK 65451 SEM.MIC G
NON-RANOID FAMILIES
[ _Bowemaronions Gray. 825
Gombinasp. [ZPviK wneaioged T Wic I ¥
[~ Cevmoremna Taylor, 1951
Hyahnobarrachum flelschmanny (Boetiger, 159%) TzFmK 63768 [ semwmic | X
DENDRODATIAE Cope. 1865
o ibversiane (Myets & Davy, 1979) ZFMK 40709, 63828 MIC B
oo et v 1920 ZPMK 46044 Mic H
drobares anratus Girard, 1855) ZFMK 68637 Mic H
Dendeobares leucometas Siewdachncr, %64 ZMK 63830 Mic n
Dendrobates tincoruus (Cuviee, 1797) ZPMK 68838 M "
Fpupedobates boutergeri (Barbour, 1909) ZEMK 6429 MIC H
Cophaga lehmanni (Mycrs & Daly, 1976) ZPMK 68834 MIC "
chmu, 1857) ZEVK 68836 MIC H
DiscoaLOsDAE Ganther, 185K
[Discogtorsus of galgano. Capuls, Nascety, Lanza, Bulms & | ZFMK ancatalogucd MT B
Crespo, 1955
Puscogtossus montaieut Lnza, Nasceto, Capula & Bullwr, | ZPMK uncatlogued Mc M
954
Duscogassus sardus Tschudt 1o O, 1837 28K ncawtopusd MiC M
HeLroPsRiDAE Nodle, 1931
[t w10 [Zrik GaT60-58771 |
HyAF Rafinesque, 1815
“Agalychns cafidreas (Cope. 1562) ZFWK uncatn ogusd SEM.MIC L
Hsla arboreo (Linnseus. 178) ZHMK 68760 MC ¢
Hila cinerea (Schocider, 1799) ZEMK uncatalogued mic E
enger, 1882 ZEMK uncaalosued mic A
Bonapare, 1850
Tigaphers nasvia (el 1958 ) T i T x 1
AMYOHATRACHIDAE Sehicget, 850 N
Timodasies sp. £ el MIC b
Prcudophrine hibrons Ganiher, 1859 ZEMK 28 5 SEM.MIC E
i Gy, 1925
Hemenochure boetigert (Tormier, uws, ZFMK ancarslogond s e T
Pipa corvuliion (Mieanda-Rbeirs. 193 ZEMK uncatnlogucd M (e, F e Btoc E
[P
Siturana tropicals Uray, 1864 ZFMK uncaislogad wic N
Newopus vicrorsamas A, 1924 20MK ncotalopucd SEM M <
okt 1t Bovapare 1950 -
Rt darv i Dunoe | & B bro, 531 N Vi i ~

Source MNHN, Paris



